ABSTRACT : This experiment was conducted to investigate the dietary effect of garlic powder (GP) and copper (Cu) on laying performances and the cholesterol content and quality characteristics of eggs during storage in laying hens. A total of one hundred and eighty, 50-wk-old, Hy-Line Brown layers were divided into 6 groups with 3 replicates per group (10 layers per replicate) and fed one of six diets containing GP 0%, GP 1%, GP 3%, GP 5%, Cu 200 ppm, or GP 3%-Cu 200 ppm for 5 wks. There were no differences in the laying performances and feed intakes bertween treatments. Eggshell strength, eggshell thickness and yolk color were also not affected by feeding of GP and Cu. With increasing dietary GP, Haugh unit was linearly increased after 2 wk of storage (p<0.05). The levels of serum total cholesterol in hens fed diets containing GP or Cu were lower than that of the control (p<0.05), but high density lipoproteincholesterol was not influenced by dietary GP or Cu. The content of egg yolk cholesterol from hens fed diets containing GP or Cu was significantly decreased from that of the control, except for the GP 1% group. Based on the results of this experiment, the decrease of Haugh unit during storage was alleviated by feeding of GP. The feeding of GP or Cu alone and in combination altered the cholesterol fractions in serum and reduced the content of egg yolk cholesterol in laying hens. (Asian-Aust.
INTRODUCTION
Average consumption of eggs in the developed country has steadily decreased. It is partly due to a concern that dietary cholesterol may contribute to the incidence of coronary heart disease (Waldroup et al., 1986) , although this concern is already under strong debate (Brisson, 1984) . The negative concerns related to yolk cholesterol have stimulated the researches to decrease cholesterol content in egg yolk (Reddy et al., 1991) .
Many researchers have paid interests on various natural substrates as a cholesterol lowering agent (Santoso et al., 2005) . Garlic (Allium sativum) is widely spread and already used in all parts of the world as a spice and herbal remedy for the prevention and treatment of a variety of diseases, ranging from infections to heart diseases (Konjufca et al., 1997) . Plasma cholesterol as well as hepatic total lipid and cholesterol were reduced by dietary garlic in rats (Myung et al., 1982) . Qureshi et al. (1983a, b) reported that the various garlic extracts reduced the level of serum cholesterol in chickens through the inhibition of the rate limiting enzymes in cholesterol and lipid synthesis. Egg yolk cholesterol was also reduced when layer were fed diet containing 1 or 3% garlic powder for 3 wks (Sharma et al., 1979) . Chowdhury et al. (2002) reported that dietary garlic paste at various levels reduced egg yolk cholesterol in dose-dependent manner. Birrenkott et al. (2000) , however, demonstrated that the levels of cholesterol in egg yolk and serum were not decreased significantly by 3% garlic powder after feeding of several months.
It has been known that copper (Cu) deficiency was shown to induce hypercholesterolemia in rats (Klevay, 1973) . Dietary Cu, at pharmacological level, has demonstrated to alter the lipid metabolism of rats (Petering et al., 1977) , swine (Amer and Elliot, 1973) and chicken (Bakalli et al., 1995) . Many reports showed that dietary garlic or Cu had lowered the levels of cholesterol in plasma and liver in various species, including poultry. But only limited information is available on the combined effect of garlic and Cu on yolk cholesterol in avian species. The object of this study was to determine the dietary effects of the single or combination feeding of garlic and Cu on laying performances, the cholesterol content and quality characteristics of egg during storage.
MATERIALS AND METHODS
Garlic bulb harvested in May or June was provided by the Eui-Sung local National Livestock Co-operation Federation. The fresh garlic bulbs with husk were sliced and thinly spread on a mat under sunlight at 30 to 35°C for a day. And then they were dried under 50°C in drying oven and ground finely to powder. The dried garlic powder (GP) used in this study contained 99.2 g moisture/kg, 166.6 g crude protein/kg, 4.9 g crude fat/kg, 80.4 g crude fiber/kg and 143.6 g crude ash/kg. And cupric sulfate was purchase from Duksan Medicine Industrial Corporation as a copper source.
50-wk old Hy-Line Brown layers were randomly placed in three replicate pens with 10 birds each per treatment (total of 180 birds) in wire cage. The birds fed one of following six diets containing GP 0%, GP 1%, GP 3%, GP 5%, Cu 200 ppm, or GP 3%-Cu 200 ppm for 5 wks, respectively. The experimental diets were formulated to meet or exceed the nutrient requirements of NRC (1994) . GP was substituted at the expense of wheat bran at 1, 3 or 5% levels on weight basis. A laboratory grade cupric sulfate pentahydrate was used as a Cu source (Table 1) . Animal facilities and husbandry were similar to conditions described by An et al. (2003) . The experimental diets and water were provided for ad libitum intake. A room temperature of 22±3°C and a photoperiod of 17/7 h light/dark cycle were maintained throughout the experimental period.
Egg production was recorded daily and experimental diets were freshly added. The eggs laid for the last three days of experiment were used for analysis of egg qualities according to the method of Hayirli et al.(2005) , with some modification. The collected eggs were kept in storage temperature of 18°C during 7 or 14 days to observe the change of Haugh unit. The analysis of yolk cholesterol was measured by the modified method of Tompson and Merola (1993) . In brief, two grams of egg yolk was homogenized with 40 ml of Folch solution (chloroform:methanol = 2:1, v/v) using Homogenizer (AM 77 model, Nissei, Japan) for total lipid extraction (Folch et al., 1957) . Lipid extracts were dissolved by absolute alcohol and saponified with 1 ml of 5% NaOH for 1 h at 70°C. After cooling in room temperature, 5 ml of hexane was added and centrifuged and then 2 ml of upper layer was moved into silanized glass tube (Pyrex No., 13). The extracts were resolved with 1ml of dimethylformamide and mixed with 0.2 ml of hexamethydisilane and 0.1 ml of trimethylchlorsilane for derivatization. The turbid preparation obtained finally was mixed with 0.1% 5α-cholesterol as an internal standard. Egg yolk cholesterol was measured by gas-liquid chromatography (HP 5890 II Series, Hewlett Packard 6890 series injector, Hewlett-Packard, Atlanta, USA) using 0.25 mm I.D.×30 m silica capillary column (SACTM-5, Supelco Ltd., Pennsylvania, USA). The initial and terminal column temperature was programmed at 280°C without increased temperature. The detector was set at 250°C. At the end of experimental period, 8 birds from each group were randomly selected. The blood was drawn from wing vein using sterilized syringes for determination of the various blood profiles. At necropsy, the liver was immediately removed and weighed as described by Dong et al. (2005) . The concentration of total cholesterol and high density lipoprotein-cholesterol (HDL-C), the activity of glutamic-oxaloacetic transaminase (GOT) and glutamicpyruvic transaminase (GPT) were estimated according to the colorimetric method using cholesterol diagnostic kit (Cholesterol E kit, HDL-cholesterol kit, Youngdong Medical Corporation) and GOT-GPT assay kit (BCS GOT-GPT assay kit, Bio Clinical System Corporation), following the manufacturer's direction.
The main effects between treated groups were subjected to ANOVA using the general linear models procedure of SAS (2002), and significant differences were determined using Duncan's multiple range test at the level of p<0.05 (Duncan, 1955) . Percentage data were transformed to arc sine percentages before square root percentages ANOVA was performed.
RESULTS AND DISCUSSION
There were no significant differences in egg production rate, egg weight and feed intake in laying hens fed experiment diets as shown in Table 2 . The relative liver weight was not significantly different among the treatments (data were not shown). Reddy et al. (1991) reported that egg production, egg mass, feed intake, and feed efficiency were not affected through 8 wk feeding of 0.02% garlic oil. Chowdhury et al. (2002) also observed that there were no effect of dietary garlic on egg production rate, egg weight and feed consumption. Pesti and Bakalli (1998) , however, reported that dietary Cu at the level of 250 ppm had positive effect on the feed intake and egg production.
Egg shell strength, egg shell thickness and yolk color in layers fed experimental diets are shown in Table 2 . Supplementation of GP and Cu did not affect the egg shell strength, egg shell thickness and yolk color, which was in agreement with results of study with layer, especially egg yolk color (Birrenkott et al., 2000) .
The changes of Haugh unit during storage are shown in Table 3 . The Haugh unit, an indicator of the most widely accepted measure of internal egg quality, tended to be decreased according to the elapsed time of storage as found (Williams, 1992) . The Haugh unit of group fed diet containing 5% GP was highest among the eggs stored for 14 days. With increase in dietary GP, Haugh unit was linearly increased during storage (p<0.05). General nutrients in layer feed did not appear to have any beneficial effect on Haugh unit (Naber, 1979) , but it suggested that certain natural antioxidants such as vitamin C, vitamin E and selenium being beneficial to albumen quality by it's antioxidant property (Keshavarz, 1996; Sahin et al., 2003) . Rabinokov et al. (2000) reported that allicin in garlic is converted into various disulfide derivative exerting the antioxidative activity by reaction with sulfur containing compound. This mechanism could be suggested as a possible mechanism for the increased Haugh unit due to antioxidant effect from derivatives of allicin in garlic. The exact reason for the change of Haugh unit by feeding of GP requires further investigation, including the change of mineral and moisture contents in albumen.
The levels of serum GOT in all treated groups were significantly increased as compared with that of control group. The level of GOT in bird fed diet containing GP 3%-Cu 200 ppm was highest (Table 4) . But GPT level was not affected by feeding of GP or Cu. Further studies are required to clarify whether the increase of serum GOT level is associated with the possible negative effects by dietary GP or Cu. Serum total cholesterol concentration did not responded linearly with increase levels of GP, but was decreased by single feeding of Cu or GP and combination of copper and GP (Table 4 ). There was further reduction in serum cholesterol concentrations when layers fed 3% GP with supplementation of 200 ppm of Cu. This is in agreement with that of Chowdhury et al. (2002) who reported that dietary 2, 4, 6 and 8% garlic paste reduced the levels of serum total cholesterol on average by 15, 28, 33, and 43%, respectively. Qureshi et al. (1983a) also showed that a various levels of dietary garlic paste linearly reduced serum cholesterol in male broiler chickens by dose-dependent manner. However 0.02% garlic oil did not affect serum total cholesterol (Reddy et al., 1991) . It may be due to differences in supplemental levels, feeding duration or preparation method (e.g., organic solution extraction, alcohol extraction, simple drying, and etc). Pesti and Balkalli (1998) demonstrated that serum total cholesterol was reduced by feeding of 125 ppm or 250 ppm Cu during 4-wk and 8-wk. The concentration of High density lipoprotein-cholesterol (HDL-C), however, was not affected by feeding of Cu or GP as shown in Table 4 . This result agree with Qureshi et al. (1983b) who have suggested that the level of HDL-C was not influenced by dietary garlic extracts in chickens.
The contents of total lipid and cholesterol in egg yolk are shown in Table 4 . Dietary Cu or GP did not significantly reduce total lipid in egg yolk. However, the content of egg yolk cholesterol in all treated groups were significantly decreased as compared with that of control group (p<0.05). The cholesterol content in egg yolk was lowest when the layers fed diet contained the 3% of GP and 200 ppm of Cu. The yolk cholesterol was reduced by 4.1 or 5.5% when laying hens were fed 1 or 3% garlic powder for 3 wk (Sharma et al., 1979) . Youn et al. (1998) reported that egg yolk cholesterol was reduced by feeding of 0.5% or 1.0% garlic paste. Chowdhury et al. (2002) also reported that cholesterol concentrations per gram of yolk decreased linearly with increasing levels of sun-dried dietary garlic paste. Pesti and Bakalli (1998) reported that feeding of 125 or 250 ppm of Cu significantly reduced yolk cholesterol as compare with that of control. Present study showed that the cholesterol concentration per gram of egg yolk in group fed diet containing 3% of GP and 200 ppm of Cu was lower than those of single feeding of same content of Cu or GP. It was concluded that sun-dried GP with Cu supplement at higher level can be used as a hypocholesterolemic material in layer diets without having a significant effect on overall laying performances and the quality characteristics of egg.
